1 agricultural land use, including pasture, from additional demand, due to population 2 and dietary change and from demand from bioenergy feedstocks. 3 4 Here we address the lack of analysis by quantifying the impact from the 5 consumption of animal products relative to other drivers of land use change, 6 including bioenergy. We attempt to answer the following questions: How much 7 land and land use change has been associated with the production of animal 8 products and vegetal crops for human consumption, waste and biofuels? What has 9 been the relative importance of population, diet and yield as drivers for agricultural 10 land use change? How does land use change and its drivers differ between countries 11 and regions? The methodology followed is similar to Kastner (2012) , with a number 12 of important advances including; consideration of the pasture area, identifying 13 bioenergy and waste uses, and a more spatially disaggregated analysis. Perhaps 14 most notably is the inclusion of pasture area, which provides a far more 15 comprehensive insight into the agricultural sector as a whole, the importance of 16 which is emphasised by the pivotal role of animal products in the results. 
Data sources

30
The primary data source used was FAO data on agricultural production, commodity 31 balance, and land use between 1961 and 2011 at a country level (FAOSTAT, 2014a (FAOSTAT, , 32 2014b (FAOSTAT, , 2014c (FAOSTAT, , 2014d (FAOSTAT, , 2014e, 2013 . The unprocessed data covers 219 countries in 33 2011, and provides production values for 182 crop plus 57 livestock types. The 34 commodity balance data provides an itemisation of the consumption of each item, 35 and as well as the quantity of production, stock variation, imports and exports that 36 provide that supply. The animal feed conversion ratio, i.e. the efficiency of the 37 production of animal products, was estimated from various sources (FAO, 2014, 38 2009; Little, 2014; SAC Consulting, 2013; Smil, 2002) . The analysis was conducted at 39 country level, in R (R Core Team, 2014) with Rworldmap used to produce global 40 maps of results using associated geographic data (South, 2011 products were a trivial one-to-one mapping, e.g. bananas and oats; some others 5 required multiple production categories to be mapped onto one category of 6 consumption. For example consumption of "Oranges Mandarines" were mapped 7 onto two items of production, "Oranges" and "Tangerines mandarins clementines 8 satsumas". In the case of the "Vegetables Other" consumption was mapped onto the 9 production of 34 crops. Rice was handled in paddy equivalent terms, and sugarcane 10 in unrefined form, as consumption data was given in multiple unit (e.g. refine, 11 unrefined and raw equivalent). The outcome was 51 consumption types, mapping 12 onto one or more crop production items.
13 14
Displacement of land
15
To understand the full extent of land used in the production of commodities 16 consumed, the import and export of goods needs to be considered. Land 17 displacement has been defined as the migration of activities to another place, 18 causing land change in the other location (Lambin and Meyfroidt, 2011; Weinzettel 19 et al., 2013) . Here we follow an approach similar to Yu et al. (2013) , where the 20 consumption of embodied land used to produce a commodity is used to measure 21 land displacement. The imported or exported land area is then combined with the 22 area for domestic production, to obtain a net land use, for that commodity, country 
Crop consumption types
29
The category of consumption, for each crop commodity and country, was allocated 30 between four categories; food for human consumption, animal feed, bioenergy and 31 waste, based on FAO data (FAOSTAT, 2014b (FAOSTAT, , 2014c . The four categories were 32 mapped from the 6 types of consumption in the FAO data, i.e. food, feed, waste, 33 processing, seed and other. The FAO defines the food, as the quantity available for 34 human consumption, feed as the amount fed to animals, and waste as the losses in 35 transport and storage prior to reaching the consumer. Theses were allocated to the 36 categories used for food for human consumption, animal feed and waste, 37 respectively. The processing type is also assumed to be used for human 38 consumption, in line with the FAO description that it is "put to manufacture for food 39 use" (FAOSTAT, 2014b (FAOSTAT, , 2014c , and so aggregated into the food type used here. Table S1 . 4 5 One area that required additional processing were oil seed crops, which are largely, 6 but not exclusively, processed into oil and seed meal. Typically the seed meal or 7 cake is primarily used for animal feed, while oil is used for human consumption and 8 as a bioenergy feedstock. The analysis traced back the usage of the processed oil and 9 meal, to the location and category of use, and allocating it pro rata by weight based 10 on the associated oil seed production area. The associated quantity of oil seed crop 11 was removed from the quantity of oil crop processed, and instead allocated based on 12 the usage for each of the oil and meal, therefore avoiding potential double counting.
14
The resultant four consumption categories were used pro rata to allocate the net 15 area of land (including the displaced area), to produce the commodity consumed.
16
The bioenergy areas quoted are to produce agricultural commodities used as 17 bioenergy feedstock, and therefore do not include timber or forestry products or the 18 associated areas.
19 20
Livestock products
21
The production of meat, milk and eggs uses land directly, in the form of pasture, and 22 indirectly in the production of feed. The area used to grow each type of feed was 23 determined (Section 2.4), and the pasture area for each country and year is known 24 (FAOSTAT, 2014a) . Although the consumption and production data are available by 25 category of animal product (e.g. poultry meat, pig meat, sheep and goat meat, milk 26 and eggs), the quantity of feed and pasture are only available aggregated across all 27 animal products. To map production to land usage there are two potential 28 approaches; either, disaggregate the feed and pasture data (Herrero et al., 2013), or, 29 aggregate the consumption categories. Here we take the approach to aggregate into 30 an animal product index using animal feed conversion ratios. 31 32
Animal product index
33
The animal product index for a country c, and time t, is given by:
where is the animal conversion ratio, expressed in kg of feed per kg of production 36 (see Table S2 ), for animal product category j, and , , is the quantity of animal 37 product for that category. The conversion ratios are given in Table S2 . The animal 38 production index was calculated for each country and year, and used as an 39 aggregated commodity. All areas used in feed production, plus the pasture was then 40 associated with the production of the animal product index. The objective of the index is to reduce the impact of variations in the efficiency 4 between animal products, such that substitution between animal products does not 5 result in an increase in yields. Therefore it should still be possible to distinguish 6 between changes in diet, e.g. a switch between beef and chicken, and changes in the 7 productivity or yield in the supplying these commodities. 
where , , is the net agricultural area for country c, to produce commodity i, at time 23 t, and , , is the consumption per capita for that commodity, country and time.
24
With analogous equations used to determine the effect on the net area from changes 25 in populations and yields. The global aggregated data hide a number of country level changes. , 1961-1994 and 1994-2011, 27 are used in the presentation of the results to allow for a comparison of the states tend to offset one another, and data for changes since 1994 are not affected.
10
The third largest increase in land allocation is due to animal products consumed in factor in net land use change, accounting for 36% of the total net change, while in the 35 previous period it only accounted for 2%. This is in part due to the reduced rate of 36 increase of the area used for the production of animal products.
38
Diet, population and yield
39
The area used for food production for one country depends on the rate of These yield improvements have enabled a decreasing per capita land area used in 23 the production of food for most countries, and for all regions, see Figure S5 . 24 Although the consumption of commodities with high land demand (low efficiency), 25 such as meat, has been increasing ( Figure S2 and Figure S3 ), the improvements in 26 yields ( Figure S4 ) have been sufficient to substantially offset these shifts. Land use 27 per capita can be higher both due to greater consumption rates, particularly of 28 products requiring greater land use, e.g. US meat consumption, but also due to the 29 effect of low yields on agricultural land; e.g. in many countries in Sub-Saharan Africa. 30 However, although per capita areas are falling in most locations, the absolute 31 agricultural area is increasing due to a rising population (Figure 2) . The 32 decomposition analysis provides some insights into the interactions of the shifting 33 drivers, and how drivers vary between countries and over time. 
Drivers for food production area changes
36
The area for meat and vegetal food production was decomposed into drivers of yield, 37 per capita consumption (or diet) and population. Figure 3 represents the net impact 38 of each driver using a 'treemap' structure. The waste and bioenergy areas are not 39 included, as they are not part of the food area decomposition analysis. Table S3 and Table S4 . The changes in of 20 population and yields can be seen to be relatively consistent in increasing and (Table S3 and Table S4 ). Only India and Mongolia go against 7 this trend in the 1994 to 2011 period. In the case of India, changes for crops 8 dominate due to low levels of animal product consumption. For Mongolia, the 9 existing high levels of animal product consumption have been falling over time,
10
leading to diet being a driver for reduced land requirement in that country.
11 12
The decomposition results of changes from 1961 to 1994 display similarities to rising to 29% since 1994. The increasing importance of diet as a driver can also be 31 seen in Table S1 , it always reduces the quantity of food potentially available for human consumption. 
Waste
25
The waste area in the analysis only considers losses prior to reaching consumers. 
Intensification versus extensification
34
Although total agricultural land has expanded throughout the 50-year period, the 35 results suggest a shift towards intensification in producing animal products, since 36 the late 1990s (Figure 1 ). There is an expectation that global grassland areas will 37 not expand rapidly, and be accompanied by an increase in feed usage and more Mha/year fall in agricultural land use for food production would be anticipated. The results show yield improvements for most countries and commodities, and are 42 also suggestive of an increasing rate of intensification of animal products in the most 43 recent decade ( Figure S4) Marland, G., Bopp, L., Ciais, P., Conway, T.J., Doney, S.C., Feely, R. a., Foster, P., 17
Friedlingstein, P., Gurney, K., Houghton, R. a., House, J.I., Huntingford, C., Levy, 18 P.E., Lomas, M.R., Majkut, J., Metzl, N., Ometto, J.P., Peters, G.P., Prentice, I.C., (FAO, 2014) to convert from mass feed conversion ratio, and feed moisture contents (SAC Consulting, 2013). The equality between quantity of consumption and production was checked for all 15 commodities. Overall, there was a small discrepancy, with less consumption than 16 production across all years, for example 2.9% in 2011. These may be due to losses 17 not included in the waste category. There are some individual crops, which appear 18 more anomalous, for example apples, which are consistently consumed more than 19 they are produced, e.g. by 5.0% in 2011 and 3.6% over the 50 year period. Also, 20 there are some issues that are likely to have arisen due to the mapping of production 21 crops to consumption categories. Most extreme of these is the "other pulses" 38% which has not been accounted for. The absolute size of these issues is not 26 particularly significant however, with 1.5% of missing production and 2.9% that is 27 produced but not consumed, with most of the major crops having been mapped with 28 close agreement. To attempt to correct for these discrepancies the supply quantity 29 were used to allocated areas, rather than production quantity, adjusting the effective 30 yields.
32
Stock variation was not accounted for in the analysis. This is an inter-annual impact, 33 and as such only causes inter-annual impact on the results. The percentage of 34 supply/production used for stock variation is relatively small (annual net stock 35 variation is typical 0.5 to 1% of total supply), and is likely to have little net effect.
36
The consumption and production described above does not primarily arise to due 37 stock variation, as for impacted crops the discrepancy is typically in the relatively 38 constant, and in the same direction, e.g. indicating fractionally more production and 39 consumption for all years. 
S1.5.7 Validation overall
26
There are some inconsistencies within and between the FAO datasets used.
27
However these are relatively small, and steps have been take (as detailed in sections 28 S1.7.2-4) to reduce the impact they have on the overall results. 
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